ABSTRACT. The effects of salivary gland extract (SGE) from R. sanguineus were examined on the production of IgG1 and IgG2 and the mRNA expression of IFN-γ, IL-2, IL-4, IL-5 and IL-10 in the mononuclear cells from canine peripheral blood, treated with concanavalin A (ConA) in vitro. SGE suppressed the ConA-induced production of IgG2. It also inhibited the expression of IFN-γ, IL-2 and IL-5 mRNA in a dose-dependent manner. No dose-dependent suppression was observed of IL-10 mRNA expression although a significant effect was observed at a SGE protein concentration of 25 µg/ml. SGE had no effect on the mRNA expression of IL-4. These results suggest that the suppression of IgG2 production by SGE from R. sanguineus was caused by the suppression of IFN-γ production.
Dogs infested with R. sanguineus show a suppression of immunoresponses such as reduced antibody production, neutrophil function and lymphocyte blastogenic response [7] [8] [9] . In our previous study, the suppressive effects by salivary gland extract (SGE) from R. sanguineus were observed on the production of total immunoglobulin and IgA by the mononuclear cells in canine peripheral blood (PBMCs), but they did not suppress the production of IgM [15] . The class and subclass of immunoglobulin produced are influenced by cytokines, for example, IFN-γ, IL-4 and IL-5 induce the production of IgG2, IgG1 and IgE, and IgA, respectively [1, 4, 5, 11, 22] . Whether IgM or IgA is produced might be determined by the suppression of cytokines produced by helper T lymphocytes (T H ), which cause a switch of the immunoglobulin classes of B lymphocytes. SGE from Ixodes ricinus increased the production of IL-10 but reduced that of IFN-γ in LPS-stimulated mouse splenocytes, and the increase in IL-10 was thought to cause the decrease in IFN-γ [12] . Additionally, a change in the T H 1 and T H 2 balance caused by ticks was also demonstrated in mice by measuring the concentration of cytokines such as IFN-γ, IL-2, IL-4, IL-5, IL-6 and IL-10 [3, 14, 16, 21] . However, the effects of SGE from R. sanguineus on the production of the IgG subclass of immunoglobulins and the T H 1 and T H 2 balance in PBMCs had not been investigated in dogs which are the natural host of R. sanguineus.
In this study, to reveal the effects of infestation with adult R. sanguineus on the IgG subclass and cytokine productivity in dogs, we examined the changes in production levels of IgG1 and IgG2 in vitro and the mRNA expression levels of T H 1 (IFN-γ and IL-2) and T H 2 (IL-4, IL-5 and IL-10) cytokine [2, 18] caused by SGE from R. sanguineus in canine PBMCs treated with concanavalin A (ConA).
The salivary glands were dissected from partiallyengorged female R. sanguineus kept in our laboratory [8] , and SGE was prepared as described previously [15] .
PBMCs were prepared from heparinized blood of six tick-naive, adult male Beagles bred at Yamaguchi University. PBMCs were isolated as described previously [10] . The culture of PBMCs for the production of IgG subclass and the mRNA expression of cytokines were performed as described by Matsumoto et al. [15] and Pinelli et al. [19] , respectively with some modifications, that is, for the production of IgG and mRNA expression of cytokines, PBMCs were cultured at a density of 5 × 10 5 cells/ml for 6 days and 2 × 10 6 cells/ml for 18 hr, respectively, with 1 µg/ml of ConA (SIGMA, U.S.A.) and SGE at a final concentrations: 100, 25, 6.25, 1.56 and 0 µg/ml at 37°C in a humidified chamber of 5 % CO 2 .
After cultured in 6 days, the supernatant of the PBMCs culture was collected to determine IgG1 and IgG2 concentrations by ELISA, as described previously [15] with some modifications. To quantify IgG1 and IgG2, goat anti-dog IgG (1 µg/ml, BETHYL, U.S.A.) and sheep anti dog IgG (1:1,000, ICN, U.S.A.) in 0.05 M carbonate buffer (pH 9.6), respectively were immobilized on the surface of ELISA plates (Greiner, Germany). The horseradish peroxidaseconjugated goat anti-dog IgG1 (1:20,000 in PBS containing 0.05% Tween 20 (PBS-T), IgG1-heavy chain, BETHYL, U.S.A.) and the sheep anti-dog IgG2 (1:10,000 in PBS-T, IgG2-heavy chain, BETHYL, U.S.A.) were used to detect the reaction. The concentrations of IgG1 and IgG2 were determined by comparing with those in control canine serum.
After cultured in 18 hr, total RNA was extracted from PBMCs using RNeasy (QIAGEN Inc., U.S.A.) according to the manufacturer's manual. [19] . The primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (F: 5'-ATG-CCA-TCA-CTG-CCA-CCC-AG-3', R: 5'-TAC-CAG-GAA-ATG-AGC-TTG-AC-3'), a house keeping gene used as a control, were designed based on a registered sequence in GenBank (AB038240).
The cDNAs of cytokines and GAPDH were quantified using the SYBR Green PCR Core Reagents Kit (Applied Biosystems, U.S.A.). Aliquots (0.5 µl) of the RT product were mixed with appropriate concentrations of the SYBR Green PCR buffer, MgCl 2 , dNTP Mix, AmpliTaq Gold DNA Polymerase, AmpErase UNG, and paired primers (1 µM of each primer) to obtain a total volume of 50 µl. PCR was carried out under the following conditions on Gene Amp 5700 (Applied Biosystems, U.S.A.): 50°C for 2 min, 95°C for 10 min, and 40 cycles of 95°C for 15 sec and 60°C for 60 sec. Each cDNA was quantified by comparing with that of a standard RT product using the Gene Amp 5700 Sequence Detection System (Applied Biosystems, U.S.A.). The PCR products of each cytokine were subjected to gel electrophoresis and sequencing. The sequencing was performed using the Perkin-Elmer ABI prism 377 Automated DNA sequencer (Perkin-Elmer, U.S.A.) at the DNA Core Facility of the Center for Gene Research, Yamaguchi University. To analyze the effects of SGE from R. sanguineus on the production of IgG1 and IgG2 and the mRNA expression of cytokines, the paired t test was performed. The level which was considered significantly different was set at P<0.05.
The effects of SGE on the production of IgG1 and IgG2 by PBMCs exposed to ConA are shown in Fig. 1 . A significant suppression was observed in IgG2 productivity at a protein concentration of 6.25 µg/ml or more, and the effects of SGE seemed to be dose-dependent. No suppressive effect was observed on IgG1 productivity.
The PCR products of each cytokine produced a single band of expected length on gel electrophoresis (IFN-γ: 72 bp, IL-2: 75 bp, IL-4: 373 bp, IL-5: 75 bp, IL-10: 73 bp and GAPDH: 406 bp), and the specificity of each reaction was confirmed by sequencing (data not shown). Figure 2 shows the effects of SGE on IFN-γ (a), IL-2 (b), IL-4 (c), IL-5 (d) and IL-10 (e) mRNA expression in canine PBMCs stimulated by ConA. The quantity of each mRNA was shown as a ratio to GAPDH mRNA to correct variations among samples [20] . The suppressive effects of SGE on IFN-γ and IL-5 mRNA expression seemed to be dose-dependent. However, a significant suppression was observed for IFN-γ only at the SGE concentrations of 25 and 100 µg/ml, and for IL-5 only at 100 µg/ml. A dose-dependent effect on IL-10 mRNA was not observed although the expression was significantly suppressed at 25 µg/ml. No suppressive effect was observed on IL-4 mRNA expression. The expression of IL-2 mRNA seemed to be suppressed by SGE dose-dependently although no significant suppression was observed.
In this study, we examined the effects of SGE from R. sanguineus on the production of the IgG subclass and the mRNA expression of cytokines in canine PBMCs. The ConA-induced production of IgG2 was suppressed significantly, but that of IgG1 was not. In our previous study, IgA productivity was suppressed in canine PBMCs, but not in IgM [15] . The expression of IFN-γ mRNA was significantly suppressed by SGE. The expression of IL-5 mRNA was also suppressed at 100 µg/ml. IgG1 and IgG2 are produced in response to IL-4 and IFN-γ, respectively, while IL-5 stimulates the production of IgA in mice [1, 5, 11, 22] . The present study suggests that the reduction in IgG2 and IgA by SGE is caused by the suppression of IFN-γ and IL-5 production.
SGE from R. sanguineus induced the production of IL-10 by mouse splenocytes cultured with Trypanosoma cruzi [6] . Additionally, in mouse splenocytes cultured with SGE from the tick Ixodes ricinus, the production of IL-10 was upregulated, which is thought to be a cause of the inhibition of IFN-γ production [12] . In this study, the mRNA expression of IFN-γ was significantly suppressed, but production of IL-10 was not upregulated. These results suggest that the suppressing mechanisms of IFN-γ production differ between dogs and mice.
Helper T lymphocytes can be divided into two major subsets, T H 1 and T H 2, based on their pattern of cytokine expression [17] . The T H 1 subset secretes IL-2 and IFN-γ, and the T H 2 subset, IL-4, IL-5 and IL-10 [2, 18] . Polarization of the cytokine profile toward T H 2 was reported in mice infested with Ixodes pacificus [21] . In human PBMCs, SGE from Ixodes ricinus inhibits T H 1 responses and upregulates the production of T H 2 cytokines [13] . In the present study, SGE from R. sanguineus suppressed the mRNA expression of T H 1 cytokines in canine PBMCs dose-dependently. However, the extract also had a suppressive effect on IL-5 mRNA expression and no effect was shown on IL-4 mRNA. These results suggest that SGE from R. sanguineus has a Fig. 2 . Effects of SGE from partially engorged females of R. sanguineus on cytokine mRNA expression in the mononuclear cells from canine peripheral blood, stimulated with ConA. Cells (2 × 10 6 /ml) were cultured with an optimal concentration of ConA (1 µg/ml) and various concentrations of SGE or PBS as controls. The quantity of each mRNA was expressed as cytokine: GAPDH mRNA ratio. Asterisks (*) show significant differences (P<0.05) from the control. Short vertical bars represent standard errors. n=6. suppressive effect on T H 1 but not on T H 2 polarization, and the mechanism of immunomodulation by R. sanguineus in dogs differs from that of ticks in humans or mice. The difference in the effect on IL-4 and IL-5 mRNA implies that SGE can suppress the expression of IL-5 mRNA specifically. The suppressing mechanism of IL-5 mRNA expression is not clear, and further study is needed to explain how SGE from R. sanguineus causes immunomodulation in dogs. The IL-2 mRNA in canine PBMCs varied in quantity. This may be due to the differences among dogs such as those in the ratio of T to B lymphocytes and sensitivity to ConA.
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